Objective: Long-standing psychological distress increases the risk of dementia, especially Alzheimer's disease. The present study examines the relationship between midlife psychological distress and late-life brain atrophy and white matter lesions (WMLs), which are common findings on neuroimaging in elderly subjects. Methods: A population-based sample of 1462 women, aged 38 to 60 years, was examined in 1968, with subsequent examinations in 1974, 1980, 1992, and 2000. Computed tomography (CT) of the brain was done in 379 survivors in 2000, and of those, 344 had responded to a standardized question about psychological distress in 1968, 1974, and 1980. WMLs, cortical atrophy, and central atrophy (ventricular sizes) were measured at CT scans. Results: Compared with women reporting no distress, those reporting frequent or constant distress at one examination or more (in 1968, 1974, and 1980) more often had moderate-to-severe WMLs (multiadjusted odds ratio = 2.39, 95% confidence interval = 1.16Y4.92) and moderate-to-severe temporal lobe atrophy (multiadjusted odds ratio = 2.51, 95% confidence interval = 1.04Y6.05) on brain CT in 2000. Frequent/constant distress was also associated with central brain atrophy, that is, higher bicaudate ratio, higher cella media ratio, and larger third-ventricle width. Conclusions: Long-standing psychological distress in midlife increases risks of cerebral atrophy and WMLs on CT in late life. More studies are needed to confirm these findings and to determine potential neurobiological mechanisms of these associations.
INTRODUCTION
W e have earlier reported that long-standing psychological stress in midlife increased the risk of incident dementia, especially Alzheimer's disease (1) . Stress and distress may contribute to pathological brain changes by affecting hormones in the brain's stress system (e.g., steroids, catecholamines, and cytokines) (2) . Distress may also lead to brain damage by cerebrovascular insult because earlier studies have shown that stress increased the risk of development of cardiovascular diseases, hypertension, and metabolic syndrome (3, 4) .
Cerebral white matter lesions (WMLs) and cerebral atrophy are commonly seen on imaging of the aging brain and are often associated with cognitive impairments (5, 6) . It has been suggested that stress, distress, and traumatic life events may increase the risk of these changes. Prior studies suggest that patients with posttraumatic stress disorder have reduced hippocampal and cerebral cortical volume (7Y9) and larger lateral ventricles (9) . Children with posttraumatic stress disorder have reductions in the corpus callosum (10) . In addition, in an earlier study observing 48 women for 20 years, women with chronic distress have been found to have decreased gray matter volume in prefrontal cortex and hippocampus (11) . In this study, we examine the relationship between long-standing psychological distress in midlife and presence of WMLs and brain atrophy on computed tomography (CT) of the brain in late life in a population-based sample of women followed up for 32 years.
METHODS

Study Population
The study is part of the Prospective Population Study of Women in Gothenburg (12) , which was initiated in 1968, with a comprehensive examination of 1462 women (participation rate, 90%) born in 1908, 1914, 1918, 1922, and 1930 . The individuals were systematically sampled from the Swedish Population Register based on specific birth dates to yield a representative sample. Follow-ups were performed in 1974, 1980, 1992 , and 2000, with participation rates among survivors of 91%, 83%, 70%, and 71%, respectively. At the examination in 2000, all participating women (n = 684) were invited for a brain CT scan. Participants who underwent CT (n = 379) were younger, had less often dementia, and more often used antihypertensive medication in 2000, compared with those who did not have a CT scan (n = 305). Participants and nonparticipants in CT were similar regarding diastolic and systolic blood pressure, serum cholesterol, body mass index, waist-to-hip ratio, smoking, and frequency of myocardial infarction, stroke, and diabetes mellitus. According to the Swedish Population Register, participants in CT examination had a lower mortality rate from the examination in 2000 to 5 years after the examination, compared with nonparticipants. This study includes 344 participants who responded to a question about psychological distress in 1968, 1974, and 1980 and also took part in the CT study in 2000. None of the women had dementia in 1980. The Ethics Committee of the University of Gothenburg approved the study. All participants gave informed consent to participate, in accordance with the provisions of the Declaration of Helsinki.
Psychological Distress
A question about psychological distress was asked by a physician at the examinations in 1968, 1974, and 1980 . The question was identical at each examination and was asked as follows: ''Have you experienced any period (one month or longer) of stress/distress, i.e. feelings of irritability, tension, nervousness, fear, anxiety or sleep disturbances in relation to circumstances in everyday life, such as work, health, or family situation?'' Responses were rated as follows: 0 = never experienced any period of distress, 1 = period of distress more than 5 years ago, 2 = one period of distress during the last 5 years, 3 = several periods of distress during the last 5 years, 4 = constant distress during the last year, or 5 = constant distress during the last 5 years. Participants were then categorized into the following groups: no distress (response, 0Y1), occasional distress (response, 2), and frequent/constant distress (response, 3Y5). Because the number of reports of frequent/constant distress in each examination was too small, we combined the stress data from the three examinations in 1968, 1974, and 1980 in the present analyses, giving the following groups: no distress in all examinations, occasional distress in one examination or more (but never frequent/constant distress), and frequent/constant distress in one examination or more.
CT Scans of the Brains
All brain CT scans were performed without contrast enhancement and with 8-mm continuous slices. The scans were evaluated by a neurologist experienced in visual CT and magnetic resonance imaging (MRI) rating scales of WML and other brain lesions. The examiner was blinded to the participants' clinical characteristics.
WMLs were defined as low-density areas in periventricular and subcortical white matter (5, 6) . Decreased density was rated as mild, moderate, and severe in relation to the attenuation of normal white matter. Cortical atrophy of temporal, parietal, frontal, and occipital lobes was categorized according to the anatomical subdivision. Severity was scored as normal, mild, and moderate-to-severe, according to the extent of sulcal widening (13, 14) . Ventricular sizes and sylvian fissure sizes were measured with a transparent metric ruler accurate to the nearest millimeter, as described by De Leon and colleagues (13) . The following linear distances were measured: a) the bifrontal span of the lateral ventricles, b) the width of the lateral ventricles at the head of the caudate nucleus, c) the minimum width of the bodies of the lateral ventricles at the waist, d) the greatest width of the third ventricle, and e) the sum of the greatest width of the left and right sylvian fissures. Ratios for a, b, c, and e were determined by dividing the obtained values by the internal diameter of the skull at the level of the measurement, giving the following ratios: bifrontal ratio, bicaudate ratio, cella media ratio, and sylvian fissure ratio. All ratios were multiplied by 100 and presented by percentage.
The interobserver agreement between the ratings of a neurologist and a neuroradiologist was examined in 130 CT scans. The intraclass correlation coefficient was 0.57 for the presence and severity of WMLs (55% concordance, p G .001), 0.49 for temporal lobe atrophy (68% concordance, p G .001), 0.39 for parietal lobe atrophy (68% concordance, p G .001), 0.38 for frontal lobe atrophy (67% concordance, p G .001), 0.32 for occipital lobe atrophy (68% concordance, p G .001), 0.64 for bifrontal ratio (p G .001), 0.57 for bicaudate ratio ( p G .001), 0.51 for cella media ratio ( p G .001), 0.67 for the width of the third ventricle ( p G .001), and 0.26 for sylvian fissure ratio ( p = .001).
Potential Confounders
Information on potential confounders was obtained with identical protocols at the examinations in 1968, 1974, and 1980. Education was dichotomized as compulsory (6 years for those born in 1908Y1922 and 7 years for those born in 1930) or more. Blood pressure was measured in sitting position after 5 minutes of rest. Hypertension was defined as systolic blood pressure of 140 mm Hg or higher and/or diastolic blood pressure of 90 mm Hg or higher and/or taking antihypertensive medication. Blood samples were taken after an overnight fast, and serum cholesterol concentrations were measured. Smoking was classified as never smoker, ex-smoker, and current smoker. Waist-to-hip ratio was calculated as the ratio of waist and hip circumferences, measured to the nearest 0.5 cm. Physical activities during leisure time were rated as low (G4 h/wk) and medium/ high (Q4 h/wk). Wine consumption was classified as none, less than once weekly, and once weekly or more. Diabetes mellitus was defined as a diagnosis by a physician, being on antidiabetes therapy, having two fasting blood glucose values of 7.0 mmol/L or greater, or according to death certificates. History of myocardial infarction was based on medical charts and death certificates. Stroke was diagnosed based on information from psychiatric examinations and the Swedish Hospital Discharge Registry (15) . Dementia was diagnosed according to DSM-III-R (16) based on information from psychiatric examinations, close informant interviews, medical records, and the Swedish Hospital Discharge Registry (17) . Assessment of depression was only done in a subsample of women born in 1914, 1918, 1922, and 1930 in the examination in 1968 (n = 191) and was diagnosed by a psychiatrist, based on the information from the psychiatric interview.
Statistical Methods
Independent sample t tests or W 2 tests were used to compare CT participants and nonYCT participants. Logistic regression analyses were applied to estimate associations between psychological distress and WMLs (no to mild versus moderate to severe) and between psychological distress and cortical atrophy (no to mild versus moderate to severe). The associations were presented as odds ratios (ORs) and 95% confidence intervals (CIs). Linear regression models were used to assess associations between psychological distress and bifrontal ratio, bicaudate ratio, cella media ratio, third-ventricle width, and sylvian fissure ratio. The regression models were adjusted for potential confounders (collected in 1980) including age, education, marital status, hypertension, cholesterol, current smoking, cardiovascular disease (diabetes mellitus, myocardial infarction, and stroke), waist-to-hip ratio, physical activity, and wine consumption. The association between distress and brain changes was further studied after excluding women with dementia (n = 15) and history of stroke (n = 25) in 2000.
We also analyzed the association between distress and moderate-to-severe WMLs after excluding women with moderate-to-severe temporal lobe atrophy 
RESULTS
Description of the study sample is presented in Table 1 . Information on psychological distress (in 1968, 1974, and 1980) and CT data (in 2000) are presented by birth cohorts in Compared with individuals without distress, women reporting frequent/constant distress in one examination or more (1968, 1974, and 1980 ) had more often moderate-to-severe WMLs (multiadjusted OR = 2.39, 95% CI = 1.16Y4.92) and moderate-to-severe temporal lobe atrophy (multiadjusted OR = 2.51, 95% CI = 1.04Y6.05) on CT scans in 2000 (Table 3 ). There were no associations between frequent/constant distress and atrophy in parietal, frontal, or occipital lobes. Frequent/ constant distress reported in one examination or more was also associated with a higher bicaudate ratio, a higher cella media ratio, and a wider third ventricle (Table 4) . When women with dementia (n = 15) were excluded from the analyses, frequent/constant distress in one examination or more was still associated with moderate-to-severe WMLs (multiadjusted OR = 2.14, 95% CI = 1.01Y4.55) and central brain atrophy (i.e., bicaudate ratio, cella media ratio, and third-ventricle width), and there was a tendency in the same direction for moderate-to-severe temporal lobe atrophy (multiadjusted OR = 2.34, 95% CI = 0.91Y6.01). After excluding women with history of stroke (n = 25), frequent/constant distress in one examination or more was still associated with moderate-to-severe WMLs (multiadjusted OR = 3.27, 95% CI = 1.46Y7.49), moderate-to-severe temporal lobe atrophy (multiadjusted OR = 4.08, 95% CI = 1.41Y11.81), and central brain atrophy (i.e., higher bicaudate ratio, higher cella media ratio, and wider thirdventricle width).
When participants with moderate-to-severe temporal lobe atrophy were excluded, the associations between frequent/ constant distress in one examination or more and moderateto-severe WMLs remained (multiadjusted OR = 3.23, 95% CI = 1.35Y7.73). Similarly, when excluding participants with moderate-to-severe WMLs from the sample, the associations between frequent/constant distress in one examination or more and moderate-to-severe temporal lobe atrophy remained (multiadjusted OR = 5.87, 95% CI = 1.45Y23.69). The associations between frequent/constant distress in one examination or more and CT findings, that is, moderate-to-severe WMLs, moderateto-severe temporal lobe atrophy, and central atrophy, were similar in younger (born in 1930 and 1922) and older cohorts (born in 1918, 1914, and 1908) . A subsample of 191 individuals (born in 1914, 1918, 1922, and 1930 ) had assessment of depression in 1968. Adjustment for depression and age in this subsample did not change the associations between frequent/ constant distress and WMLs and temporal lobe atrophy.
DISCUSSION
In a population-based sample of women followed up for 32 years, we found that frequent or constant distress in midlife was associated with late-life brain changes, including WMLs, ventricular enlargement, and atrophy in the temporal lobe. We have previously reported that midlife distress increased the risk of dementia, especially Alzheimer's disease (1). Our finding that distress is also associated with WMLs and cerebral atrophy may point to intermediating links in this process because both of these brain changes are associated with dementia (18) . WMLs represent areas of ischemic demyelination with arteriolosclerosis, hyalinosis, and narrowing of the lumen of the small penetrating arteries in the white matter (19) , whereas cortical atrophy is related to neurodegeneration in the gray matter. Our findings that psychological distress was related to WMLs and temporal lobe atrophy independently of each other suggest that long-standing distress can be an underlying mechanism for both subcortical vascular pathology and neurodegeneration.
The biologic mechanisms by which psychological stress/ distress increases the risk of WMLs and brain atrophy are probably complex. There are several possible explanations. First, long-standing stress and distress are associated with cardiovascular diseases and hypertension (3), which have been linked to both WMLs and brain atrophy (20, 21) . Second, stress/distress increases the activity of the hypothalamic-pituitary-adrenal axis and thus the levels of glucocorticoid hormones (22) , which may cause structural and functional damage to the brain, especially in the medial temporal lobe (23, 24) . Third, animal studies suggest that increased glucocorticoid levels and chronic stress may increase the deposition of A-amyloid peptide and T-protein in the brain (25Y27), which may result in neurodegeneration (28) . Fourth, psychological stress and distress may also cause structural and functional brain changes via increased activity of catecholamines and cytokines in the brain (2, 29) .
It is possible that psychological distress is a marker for pathological changes in the brain, rather than a causal factor. CT scans were not conducted in 1968, 1974, or 1980 . We can thus not exclude the possibility that some women might have had these brain changes already in midlife. However, most of the women were healthy and relatively young in these examinations, and the prevalence of severe brain changes was probably low.
Distress can be both a cause and a consequence of diseases, such as cardiovascular diseases, hypertension, hyperlipidemia, and obesity, as well as negative life-style factors such as smoking, alcohol consumption, and low physical activity. These may partly mediate the associations between distress and WMLs and brain atrophy. However, our findings remained after adjusting for potential confounders. The strengths of this study include the population-based sample, the long follow-ups, and the repeated measurements of psychological distress during midlife. However, some methodological issues need to be considered. First, psychological distress was evaluated in a single question on individuals' response to distress in everyday life. We have no information on situations that may evoke the distress or intensity of distress. Self-report may be a more valid measurement of distress than objective measurement of distress load (e.g., life event scales) because individuals may differ in their capacity to adapt to different situations. One individual may feel distress in apparently minor stressful situations, whereas another feels no stress in situations that would evoke stress in most individuals. Our question on distress has been used in several previous studies and found to be related to increased risk for hypertension (30) , myocardial infarction (31), cancer (32) , and dementia (1). Second, visual rating of severity of WMLs and brain atrophy on CT is a rather crude method. CT scans are less sensitive than MRI in detecting brain structural changes, especially in regions of the temporal lobe (33) . However, it has been reported that WMLs on CT better predict later development of cerebrovascular disorders than WMLs noted on MRI, supporting the view that CT may be more specific (34) . CT is still the most commonly used brain-imaging modality worldwide. Third, selective survival and attrition are potential problems in long-term prospective studies, and the participation rate in the CT study in 2000 was only 55%. Compared with nonYCT participants, participants in the CT study were younger, had lower rate of dementia, had lower 5-year mortality, and reported less distress in midlife. This might likely have underestimated our findings. Fourth, we cannot exclude the possibility that psychiatric diseases, such as depression and anxiety, might have influenced the results because these disorders are associated with adverse cardiovascular outcomes and therefore potentially with WMLs or cerebral atrophy. Psychiatric diagnoses were only registered in a small subsample of the study population, yielding low statistical power. Adjustment for depression in this subsample did not change the reported associations. Because of the small subsample, we can still not exclude the possibility that depression and anxiety at least partially might have influenced the results. Finally, because sample size in some analyses was rather small, for example, small number of women with moderate-tosevere atrophy in different cortical areas, our results should be interpreted cautiously until they are confirmed in studies with larger sample size.
This population study of women suggests an association between long-standing psychological distress and structural brain changes, such as WMLs and brain atrophy. This may constitute an intermediate step in the previously demonstrated association between distress and dementia. The findings have both clinical and public health implications. The number of people with agerelated brain diseases will increase considerably in the near future because of global aging. It is therefore important to discover risk factors for these diseases, especially life-styleYrelated factors such as distress, because these are potentially modifiable. Psychological distress is a common public health problem causing serious consequences in both physical and mental health. Our study highlights the importance to manage, treat, and decrease distress load in middle-aged women. However, more studies are needed to confirm our findings and to study potential neurobiological pathways for these associations.
